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(54) HIGH BEARING-STRBKJTH STEEL RARTS AND PROCESSES FOR THE PRODUCTION 



(57) High surface pressure resistant steel parts and 
their producing methods are disclosed These steel 
parts are useful as gears, cams, bearings and similar 
high-strength compacTsteel articles which are required 
to have wear resistance and strength to withstand 
fatigue in rolling or roffing-sfeping applications, in a 
steel part formed according to the invention, a fine 
nitrjde and/or carbonitride having at least an average 
grain size of 0.3 um or less is cfispersed in the contact 
surface structure: a mufti phase structure composed of 
martensite, which is divided into extremely fine pieces, 
teaming a disordered shape, by the nitride andfor car- 
bonitride, is farmed; and a caibidehavmgagramsgeof 
3 um or less is dispersed to increase the hardness of 
the surface. Such a steel part is produced by carrying 
out carbonifrtf ing or cartxirizationA^b so as 

to precipttate extremelyjjne AIN, using nitrogen perme- 
ating from the surface and by carrying out quencrr^ 
quenching/tendering, starting from a temperature 
region where the parent phase is austenrte 
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Technical RekJ 

5 [0001] The present invention relates to high surface pressure resistant steel parts and producing methods thereof. 
The high surface pressure resistant st^ 
contact fatigue strength and we^ 
races of a rolDng member and cam components. 

10 Background Art 

[0002Jln recent years, mechanical reduction gears and tr ansmi s si ons are increasingly required to have high power 
traremHting capability to meet the trend towad high o 
awl higher sirface pressure strength are 
15 I °^^5-^ KB ^ 1 owrtart tatic^j» strangttv i& also recfuiraci in gears amJ t>earins^ ^ F>cwver transmxttirtg etemerrte in 
automotive and construction machinery applications. As a measure far enhancing surface pressure strength, a treat- 
ment sucha^ 

suchasadcffoi of Moto steel isatot^^ whereby the hardness of the surface 

as wefl as resistance to softening caused by tendering is i 
20 a carburization or carburizafc*^ treatment is applied to steel, and then, quenching and shot peening are 

carried out in order to significantly increase surface hardness, while provkfing considerable compressive residual stress 
to the steel. 

BW04J There has been reported a method in which a high density cemertite phase is precipitated on the surface of 
steel through carburiza^ 
25 pressure strength. 

[0005] There has also been reported a da«jio^ 

incfuskxrcwrmaviewtotrm 

point 

I 0006 ! As notBd earfier, a method, in which increased surface pressure strength is achieved by carburization of steel 
30 to which Mo ( tenpertry soltenirig resistant element) has been added in a larger amount than the conventional steels, 

is known as an attempt to mease surface hardness and to restrict a decrease in h 

caused by minute shear deformation resulting torn 

ingmovernertorrollngr^ 

drawbacks: In spite of ertiandngter^ 
as fee* deceases wfthirereases in contact 

of lubricating properties. This further promotes exothermic reaction and contact stress, which is a cause of creation of 

destructive shearing stress. Therefore, the desired, satisfactory improvement in surface pressure strength carrot be 

expected. Furthem»r*thea* 

Mo entails a considerable! 

martensitic transformation of resktoal austenfte which exists in the region extending from the outermost surface to a 
depth of about 200 \sm below the surface so that higher surface hardness and greater compressive residua! stress are 
achieved, thereby improwng surface pressure sfrengtrudr^ 

45 during rarburizatforLWr^ 

powder generation ^surface roughness, 
of gears, act* inatoomatlrfcutaWetom^ 

residual stress adversely aftects spaffing resistance and, therefore, surface roug^ 
tors, which results in a decrease in surface pressure strength on the contrary. 
so [0008] There is a case where a g^ is subject 

which a hififi density of cementite phase is preciprfated on the surface layer of tr^ 
ner. There is also a case where the hardness of a bearing surface is increased b 

epilation simflarty to the case of bearing steel such as SUJ2 in which cementite is granulated and finery dispersed, 
whaeternperin&«rfteningre 

55 cementite is precipitated by the above high carbon carburization process, the precipitated cementite is large in size, 
namely 5 to 10 pm,sethat the agglomeration 
appeareatongg^ 

from contact stress, forming starting points from which surface defects wffl occur. If this method is applied to manufec- 
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tore of gears, the strength of the dedendum will be decreased. 
[0009] Aitemptehavebeenmadetofro 

bon carburization process or by a choice of adequate alloy elements for use in steel. For instance. Japanese Patent 
Publication (KDKAI) Gazette No. Ar 160135 (1992) discloses a method according to which the concentration of Cr is 
s increased to 2 to 8 wt%, one or more elements selected from the group consisting of 0.5 to 4 wt% Ni, 0.01 to 0.5 wt% 
hfe0.1 to 2 wt% V. arid 0.05 to 1wt* Mo are added, and to 

2.0 w1% or more, whereby the carbides and carbonrtrides ofVandCrof5pmorlessare precipitated in the region 
extending from the surface to a depth oM50 jim below the surface. This method is, however, costJy, because of the 
addition of targe amounts of Cr far the puit^^ 
10 addition of Vtw the purpose erf restrain^ 
tratic<iof Cr, V.MaMnarcfthe^inthepre 

elements in the parent phase of austenite, which leads to formation of an inperfect quenched layer due to a lack of 
quenching abflfty after car^^ 

concentrates in a carbide, is added and, inconsequence, the materiaJ becomes more expensive. 
is IDOItq Japanese Patent Pubication (KDKAI) Gazette Ha 8-120438(1996) rJsdoses a method and material for 

restraining formation of an imperfect quenched layer in a quenching process while employing less expensive aBcy 

ctesignainthispittcai^ 

aggtomerationofp*ecipit^ 

or less, the amourt of precipitated^ 
20 meeting nitrogen is not effectively utilized in precipitating carbides or carbonitiides but is mostly dissolved in the parent 

phase of austertite to be utiSzed only for preventing for malion of an inperfect quenched layer during quenching. 

[0011] The mettod disclosed to 

of the ptirtcation does not precipitate a taige amounts 

rization process. Therefore, this method cannot be expected to have impro^ surface 
26 utable to imprcvemente in hardness and in terrpering-softerting resistance owing to a large amount of cementite 

precipitation. In other words* the formation of an imperfect c^ienched layer, whi 

amount of quench promoting elements such as Cr and Mo in cementite and a lack 

the parent phase of austenife is prevented ar the cost o# a smaDamoimt of cementite precipitation 

ment the method intends to make a balance between surface pressure strength and rota^ 
so but rh reafty.it tails to ensure satisfactory s^ 

ficatim is clsctosed in Japanese Patent Publication (KDKAI) Gazette Na 8-3720. According to No. 8-3720, a large 

amount of cementite is predpdatect wrtie Ni which is (Beefy to exclude cementite and promotes quenching and Mo 

which does not concentrate to a large extent in cementite and effectively promotes quenching are added fo large 

amounts in order to ensure quenching properties. 
35 [0012] In manufacture of shaft sipprxt^ 

in order to ensure long roling Bfa To produce such clean steel, a steel material undergo** sufficient degassing at the 

steel refining stage and undergoes many stages of desutrunzation and dephosphor uatoi with special slug, thereby 

recforing inclusions such as oxides, nitrides and sulfides. It has been reported that rofing Dfe can be increased by 

approximately 10 times by use ol a highly clean bearing sted in which the quanta 
40 sutf ^* 10to ^MmisrerJuc«L 

of orrJnary gears, does ncteiffiuro 

couMbepro&M^asproActo 

ot an econrjrrical technique wr^ 

same inclusion level as that c* a*rer% manufactured steel 
45 [00131 Even r? the quantity of ixfosions co the steel is Bable to damage and fatigue 

starting tromrte contact surt^ 

hffi surface pressure resistartpar^ 

corrtarni nation. 

IDOIfl The present (mention has been ejected to overcoming the foregoing 
so invention is therefore to provkle high surface pressure 

meeting the trend toward high strength and conpactness art 

are requiredtohave wear resistance and strength for withstantingtto 

ing movement accompanied wHh slipping. 

ss Disclosure of the Invention 

[00151 The above c^ect can be acc^ 
tioa This steel part contains at least one of fro 
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structure and has an avera^ 

parent phase which is firtelydivkted into pieces by the 

[0016] According to the invention, there is provided a method df producing a high surface pressure resistant steel part, 
tne meinoa conpnsmg me stepson 

5 

precipitatirig a Dispersed* 

or more treatrnente selected fr^ 

fomrvng a martensite rjhra 

idly cooling from the austenite temperature region of stotL 

10 

[0017] One of the features of the invention 
age g^sta of 0.3 urn or less is essentially o^ 

is formed which comprises Disordered martensite as a parent phase; the martensite being dnnded into much finer 

pieces by the nitride and/or carbonHrida compared to fee oanvenbonal lenticular martensfta tn addition, the invention 
75 usesasteelinwhichacafbide(cem 

volume reskiualaustento 

AI is contained trierebyrnprovi^ 

[0018] Irteirivenbm is aJso associated w^ 

steps of: apprytng carbtaizalio^ 
20 of extremely fine AIN in an amort 

volume, the figure is about 2.4 firms the fig^ 

meated from the surface; rjrecipdrt 

by volume; and starting q^jeri^ 

austenfta ft should be noted thai the rjene^ 
2S tance from the surface to the position where the maximum shearing stress occurs. The maximum shearing stress is 

generated by the maximum contact pressure (La, Heftateoortfart 

article to be rjrodiK^ Genera^ 

in view of economical carburizalion^ 

[0019] As noted ear6er t most of the corwento 
30 resistanca In terns of structure^ they are 

tact stresaTrterefora there stittren^ 

from spreading. 

[0020] The invention is not only intended to imrjrove the rjrw 
cracking but also gives consideiBtwa from the v 
35 after it basoccurred at the surtaca After observation of toe sr^ 
spreading along lenticular rnartenste w lato man**isto ^ 
mechanism, apart 

aggregations contained in a material; a grain boundary oxidation layer formed at the stage of carburizatjon or carburi- 
zatiori/carboriitntfing; 

40 of quenching; previous austBnite grain boundaries caused by segregation or quenching cracks). A lenticular martensite 
particle in an ordinary carbunzed and quenched structure is rnnpeia^ 

and residual austenite particles of low baroness are present around a m arten site partiria causing a situation in which 
a stress is Ckery to concentrate Therefore; fining of toe nrartensrte is considered to be important However, even if 
austenrte crystal grams are fined with the intention of fining martensfte (which is a measure usually taken), the size of 
45 the mai tatsite after fining is imtted to about a tew pm, and thus> this measure has been found to be unsatisfactory as 
an improved reinforcemert meesun^ 

which takes the form of spheres* rods or needtes and most particles of which have a 6ize of 0.1 urn or less, is so rJs- 

persed in high concentration as topers 

be considerably reduced to about 1u^ 
so obstacle, the martensite particles are bent or curoe^ 

firm Disordered rorfiguratk^ 

has an effect on fine dspersfon of thereat 

part of the resk^ austenrte ti^ 

fina Disordered martensfta It is conceivable that such trar^ 
55 in stress conc en trat i on which occurs when large lenticular m arte n sit e particles coffide with one another. Such transtor- 

matfon also mrbgates the cor^ 

martensita which, conceivably, has the effed^ 

[0021] As the Dispersed substance, a precptoted substance m 
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necessary fit shouW be noted, as shown in Photograph 1 (desert later), fining of martenate is hanfiy achiwed by 
cemenWe precf)Halk)n). Thereto^ 
ing-TneAi nitride has the foliowing characteristics, ttha^ 

of austenite. The Al nitride is negatively larger than cemenlfte in free energy for forming a dispersed subsra^ 
parent phase (this means that the Al nitride can be more stably precipitated than cementite). Additionally, it does not 
react wHh cartwn originally certain^ 

0fo^ speed of cenusmitewhidi starts to precipitation 
of the AJ nitride is rwt a tactor of substantially impairing the quenching characteristics of steel 
[0022] The OTitact surface olapart subjected to roffirigm^ 

cracks on the surface andmtevk^ kit ato It is possUe to combine 

the known technique of the prior art with the aboverfescrtoed anangement of the invention for improving surface 
strenglh and wear resistanca Fw inslaiicft 

zafion to ensure high surface hairiness. ...-.,..* 
f 00231 Theabove^teswtoedcartxTOaJionAart^^ 

tralion of e steel at an ean^ stage is low Bke case harttoning steeL On the other hand, in the case of high-caibon steel 
rawi ng caibc «>contert as high as bearing 

by precipitating a nitride only by caib«*Mng*8roto8Srcfomatm 
occur. It wa be understood that although a beanng steel such ik SUE has a stoictuehwh^ 
havmganaveragegransireof05to14»|imfeoispe«srt 
ofthei martensite in the quenched stoidiirefelenlic^ and therefore 
tensite configiiration of the nw*^ 
[0024] In wewc*tr»t^lhat the structural translorma^ 

Patent Publication (KDKAI) No. 8-1 20438) is substantially equivalent to that of a bearing steel such as SUJ2 fo terms 
^ *""sirt of precipitated cementite. it is conceivable that the martensite parent phase of this publication 

as Klenhc^martensito The steel dfeclosed in t^ 

V. but V does not have a strong influence on the configuration of martensite parent phase for ite 
cenbedissoh^foananioumuptoaba*^ 

p«atoTe).VC does not precfoitatefr fri a case where Vis 

addedinanamourttof 1 wt%wr^istherrra^ 
30 preaprtated as a VC special caibide in the steei material. 028 wt% V is dissolved in austenite, and the remaining 
anrourtfLe..0.22wt%)crViBeiipectedtop 

amountcfa VC caroide is about 0^ by volume which is very srnafl compared to the precipitating amounfof^eW- 
Jte disclosed in the embodiment of the invention. 
[00251 As a measure of tessen^ the stress con^ 

in a lubricant is entangled, the known technique of adjusting the amount of residual austenite is combined wtth the 
above^tescribed technique of the inwnBon. to view of the fact that toe rollw 

peening is applied to the steel of the invention as described later, after carburization/baifoonitriding and quenching so 
that the amount of residual austenite in the sunace layer fe reduced to 10 to 15% by vctome. the 
aiJstenrteB established at 2(>% by 

SO^byvolumalftheamouirolresidual austenite It should 

be noted that the preferable amount of residual austenite is 20to 60% by volume. 
[0026] Thecp«nttativea>rtiolfc^ 
JalattttetwteofcaiburoaBon fca n^ 
surizingtn»trnentsuchasshrtew 

46 -^°HP^ res^ austenite phase to martensite. and a final adjustment is made from Ihe viewpoint of the opti- 
mization ot the suriace hairiness of steeL 
10027] To attain afinenWdeandforcaiborf^ 
Oshed at 05 to3.0wt% and the amount of nitrogen conte 
^entaWngmtoaccourtlher^ 

so 0.7 to 1.7 wt%. 

[0028] ft has been confirmed fiat wimAI in amount 

tensto as weO as an improvement toswfeM» pressure stnjrigto can be ach^ 

not strictly limited, but is generaly 3 wt% or more and preferably OS to 2wt% in view of the fact that addition of Al in 
amourrtsof4wt%wnriorecaiisesp^ 
55 pressure resistam part and impaire the p 
[00291 Altfx)UQhthenarioedBpe»singeff^ 
tal amoum of V effective in nitriitedKjx^^ 

addition of Al. The steel of the invention may be arranged to contain a caibide (cementite) precipitated on its surface in 
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an amounts to about 30% by volume 

and arra nged to contain 03 to §£wt% Cr and/br 0.2 to 1.0 wr%Vforthe purpose of adjusting the average grain size 
of the precipitated cementite to 3 pm or less thereby preventing the decrease of 
of the carbide. It is more prefwabte to errpky these anangemente 
s [0030] Incases where the mam purpose of add^ 
presem on the surface, the uprjerOrrt^ 

(this is normal temperature) is carried out Taking the cost into account the upper limit of V is established at 2 wt% in 
the invention. 

[0031] ItfeknowmthBtanAlnMteai 
10 grain size increases sitetantially in proportion to the depth of a regta 

nitrogen at a temperature of 900°C or less, the average grain size is 03 urn or less in the region extentfing from the 
surface to a depth of 0.5 mm below the surface. Generally, shearing stress generated 
the region extendmg from the contact surface to a depth olO^rwn below the suface in n^ny cases an^ 
feno problem. For finely cfispere^ 
is atone for the stage of nitrogen penneatioa To er» 
- which nitrogen is permeated is preferably 800 to 850*C 
PH32] It wffl be understood from the above descn^^ resistance can be remarkably \ 

improved fay rriartensrte in which an extremely fine Al nitride and/or Al carbonHride is densely dispersed and the 
improvement of terrpering-so^ I 
2A_[00331 Thenrartensfteiso5v^ 

pm hi the vicinity of the outermost surface. The martensite is so fined that its tissue is cjpt-microscopically indistinct 

Suchmartensiteistriougjrttoh 

10034] The carbon concentration of the steel 

established at at least 0.6 wl% or more in order to attain surface hard^ nitrogen concentration is estab- 

2s I*hedat0.4wt%ornrioreinorder^ 

of nitrogen content is allowed to vary according to the maximum value of Al concentration and established at 2.5 wt% 
or less in order toaoli^ the arro 
amourt of nitrogen is 0.7 to 1.7 
talion increases as carbon content 

pitting strength and rotary berxfing fatigue 6tren^ 

grain size does not exceed 3 pm is about 30% by vohima To adjust the amourt of ^ 
volume, the typerliriMt^ 
wt% or mc>re, ft becomes diffic^ 
as as a resUt the decrease of bending ttigi» strength and pittir^ 
P035J For fine cementtepreqgtetio^ 
anamourtof&g^ormoretocomb^ 
elemert on the gram size of canen^ 
whjg^ bj^Mke ^too^ 

==distraxjtionOTe 

of the cementite smafler with increases hi the Distribution coefficient KM of the alloy element). Of the afloy elements 
generafly used ^ordinary sterf 

they have the stron g effort of tir^ ce mentito (Acconfng toiSe surveTmade by the inventors at a temperatre of 
45 9arc,thecistrtoutOT 

KMnofMnis2.1.thedfelri>ulfon 

little solid solubffity with respert to cementite awl therefore ctoesr^ 
exerts afining effect affliougM 

iteparfdes. Therefor* in cases w^ ft works effectively. Precipitation 

so erf cementite in enamour*^ 

mo tmg the reaction of Aland penneating nitrogen to precfeita^ 
synergistic effects of cemenStepr^ 

is 5 wt% or less in view of the balance between quenchtogchafacteristxsarxJco^ 
[0036] The steel for nriachine structural u^ 
55 contains at least one element selected from V and Cr. To attain strengto at the ot^ 
ant part other elements should be added in the foOowing ranges. 
0)0371 C is an essential elemert for irtfjar^ 

needs to have a carbon concentration of about OJ to 0.5 wt* Bearrog steel, to whto 
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applied when it is a finished product, general 

roidking treatment If carbon content exceeds 1.2 wt%> the agglomeration of cementte is promoted by spherokJizing of 
cemenfit^ so that the desired rolling fife cannot be expected For the above reasons, the carbon content of the steel 
material used in tie invention is preferably estabfishedatO.1 to1.2wt%. 

5 [0038] Generally. Si is tn&HaUy 

as an element lor enhancing tenpering-softening resistance, and in such a case, the amount of Si is 1 wt% or less. Si 
can be expected to provide a martensite fining effect in carbonilricfing fike Al, but Si promotes grain boundary oxidation 
and causes variations in carburiang characteristics. Therefore, the amount of Si is preferably firrited to 1 wt%or less. 
[0039] Ma Isfi and Mo play an inrportart part respects characteristics obtained after carburiza- 

10 tjonfcartxjnitricfingand^ 

are usually adapted on steel for machine strucbffal use. (For instance, Mn o 0.1 to 1.5 wt%; N = 0 to 4 wt%; Mo = 0 to 
1.0 wK; trace amounts of boron) 

[00^ ^Ti and Zr are added in sight amowrts In the 

invention, it is preferred to use them within the range usually adapted. They are also expected to function as a nitride- 
15 ol«nrM«ft fita^ALoonlraautirig to proc%9itation of a fine rntrictoc l-l0Mmn#«v tTtey^ are higMy reactive to oarbon. wtmo^ 

contained nsteel material so that they precfpto in most amounts prior to 

hricfing. Therefore, they need to be added in large amounts in order to precipitate a nitride, reacting with permeating 
nitrogen, which costs very high, in the invention, taking the above facts cnto account, their use is Krrited to firing the 
crystal grains of steel and the amounts of them we therefore EmHed to the range of from 0 to OJ wt% 
so [0041] Ca, S and Pb are usually added tor the main purpose of improving machinabilrty. To actteve irrproved 
machinabiity the amounts of these elements are preferably adjusted accorcfi ng to their purposes of use in view of the 
ct^oftheinventfoathatis, 

100*2] As described above, the surface carbon content and surface nitrogen content of steel are controlled by carbu- 
rizatkxtfcaibora^ and/or carbonftrkfing, thereby positively agisting the amounts remaining 
2S after quenching in a region ctose to the surfece 

physical ortt^mal means sudwlhegboveg^ The rolling fife of steel having 

residual austenfte. the amourtofwhto 

nificanfly(theamoirttf 

also observed that the surface pressure strength of steel tends to be stabte by the present 
30 amotJnt0f 20% ^^lume or mora If 80% by volume of residual austenfte is present wear in the rolling surface 
progresses* such a rate that the roffing surface is worn out earfier than the rolling life and the surface hardness of the 
81881 cor ^^ aUy decreases * "fherrfDre, the preferable amount of residual austenite is 20 to 60% by vohme in the 
regpon exterxfing from the outermost surface to a depth of 50 jim below the surface and 20 to 80% by volume in the 
region extending from the surface to a depth of 0.5mm. 
as [0043] Thecartxirizatfoacarbu^ 

the taflowing way. After carburizaticn is oro 

Thou a carbonftrkfing atmospfiere is established wrfh anmm g^b^adcmfor^ introduced and carbbritrtthg is 
carried out without decarburuafion or by carburization. An alternative treatment is as follows. After carburization has 
been carried out atahi^terrpermure ranging 
40 <* fromM wt% to about 2 w t%, tempe rature is once dropped to A 1 -point temperature or less and the structure is 
changed to baHBte, nBrterg to or jear^ Then, the steel is reheated to A,-potnt temperature or more, and while fine 
granutatecementfte being 

carbon content of the resultant steel is made to be up to 3.0 wt% and the nitrogen rortert is made to be 

45 with which the amount of cementHedo ffinotexceedlog^ volumeL 

lOMfl Thecarbt¥izatknft»fbonitr» 

wtinary Oas ^fourizationfeartxOTrttfng or gas carboratricfing treatment may be adapted. Alternatively, carburiza- 

tiorvtaibonflrictng or carfaonftrking carried out under a reduced gas atmosphere or plasma atmosphere may be 

employed, foany cases, processing timemaybeac$ustedsoastomeettheabo 
so ing or carbonftricfng conditions. 

I°0*51 h the mention, extremely fine nitrides are densely, cfispersedly precipitated in the roUing surface by©- of a 

gear or bearing in the cartwzatonterbonrtriding and/or carbonrtriding process by effectively acttng nitride-forming 

elerra^ dfcorderedaricular martensfte finely cfivided by the 

precipitated nitride or cartwitride is formed in the parert phase in order to 
» ing duetofafi^mthevk^ of the surface wh^ 

pressure strength of the part for use in high surface pressure applk^tions can be dramaticaJty increased. 

[0046] hadcfition,arrtrideandforcarbor^ 

for effectively cfividing and W 
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not reacto to cart»n original^ 

inBlhepreef)aatenlhereaclionduri^ In addition to the 

cfispereiona«BctoftheAli«ridearidVtorAlcart)on^ 

preventing the decrease of fatigue strength, by addtog Cr and V to steel materia) to dispersed^ precipitate a large 
amount of line cementite having a size of 3 um or less at toe surface of the materiaL 
V**7l After 1haab(MHlescnl>edcaito^^ 

quenching * caniedjput. toj^^ partsoihata^a^Se^wnich mar- 

*n«toMMdhjr an e^m^ym^^^^mmmmaiofJl caibonHride. can be formed and the resultant part 
re * fanca OuB^pfg^smj^^SSmaim^^ tojjc higher than the A, point 
tans^temeefature of steeL Alternatively, quenching fa carried gut by reheatfarto a te mperature equal to or more 
ttwgw^jiowttemperahjreajjen^ 



Brief Description of the Drawings 
[00481 



FIQI^I fa a side wfew of a specin^ of a high suto 

embodiment of the invention, the specimen being used for rotary bending tests. 

FIGURE 2(a) and 2(b) are side views of specimens of a small roller and a large roller respectively, these specimens 

being prepared according to the embodiment and used for roller pitting tests. 

FOURE3feanej<pbnatoryviewof ecarbun^ 

no cementite is precipitated in a carfaurization phase. 

FIGURE4faane*Jlanatory^ 

cemenbtegjjcecpitatedb 

FlGURgSls a process diagram of a carbon trie* .y huammrt accordmg to the embodiment. 

f^URE6show the nssute of tesfa for chectdng flie o of smaD rollere after urKterg/wg toe catoun^ 

ton^onftndingtreatrn^ 

phase. 

F^^Jispnotographswtji* 

ar«)i^ to the entoodimert) and Specimen hto 

FIGURE 8 is hif^i magnification photographs showing the metaDographic structures of Specimens Nos. 6 and 11 
at the regions extending from their respective outennost surfaces to a depth of 100 pm. 
FIGURE 9 is photographs of toe metattogiaphfostn^ at toe surface, showina the 

result of a nitrogen analysis by use of EPMA. 

SSLi Z Tr*??*?**! * "f?? * t™^*"™** ****** fc^med by quenching subsequent to the 
canxinzatorvtartxyttfrKing treatment of the embodiment 

FIGUI«^diows Ihe pitting Bfe of si^ 

entoodimeiit m which cementite is precfohated in the catourizafion phase, 
RQUre tZst.ows the rotary berrfngfaligu^ 
toecarburizatic^AanxjniUitft 
uonpnasGu 

FIGURE 13 shows the fatigue strength of rotary bending test specimens to which shot peening is applied subse- 
quenlly to the thermal treatment of the cartDurizabonArartxxnrtriding treatment of the embodiment in which no 
cemenfiteBprecn&ated in the carburizatjon phase. 

Best Modes for Carrying out the Invention 

[0049] Refentogrwwtotheorawfogs. there wiB be exp^ 

for producfag thereof accoidfogtopref^ ^ 
0050] J^l shrjws toe composite of 
purpo^ of comparison. Trie c^ 

°f ^ B ^ ( *^^ m ^ m ^^ white a cartwn content of 

l.i wt% is often employed n the manufacture of medium carbon steel and SUJ2 that is a representative example of 
beanng steel. Specimens hto1to8are prepared wrtot^ and V. WHh 

these specimen the oSspen^ effect of an M 
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of dispersion of fine cemenlite and dspersion of an AJ nitride and/or Al carbonrtride were checked. Specimens Nog. 9 
to 12 are medium carbon steel, SNCM420H, 420Hand SUJ2, respectively and prepared as comparative examples. 
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(0061] After casting, these sample steete were subjected to hot forging and normalizing and then formed into sped- 
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mens for rotary bencing teste and small roller specimens frxroRerpft^ 

paring targe roiers for rofl er pitting teste. SUJ2 was quenched and tempered so as to have a hardness of H R C64. In 
the present «*odrment^ 

esses shorn In FIGURES 3. 4 and & During the carfairizationAarbon^ 

potential Qp is adjusted by contorting the COj, gas concentration of carbwizafon gas and nitrogen potential Np is 
adjusted by control 

[0052] FIGURE 3 shows a carbun^c)ny(»rtbonitric5ng treatment in which cartxnization is carried out at 930°C while 
agisting Cpto 0.8 wt%» and then, carbonfrkfing is carried outat850°C. This treatment is arranged so as not to pre- 
cjpitatecementite*^ 
However, when usir^ 

of cementiteprecfAata The reason for ttife 
(0^5%) of OC^iri RXgas(ca»burizati« 
the substantial effects of Aiaddttions 
(00531 BGURE4showsaprocessrnwr^ 

(faring the carfaurization phase and at the same timet precipitation of an Al nitride is promoted by carbonftrirjng at 
850°CL 

[005*] RGURESshows a process 

and 1 2 having caibon content as high as Wgh caibon bearing steel ft shouW 
appBed to the specimens were ail CTroedotrtatatenperatureof 160^fortwoh^ 
[0055] AB the speriniens undent 



mm. 



[0056] After the thenrol treatment, tn^ 

obtained fay analyzing the sectwn of the spedmen at appropriate 

analytical curves. An Al nitride aridtorAlcarbonitride which pra 

tensfte strudure were observed, using an optical micro s cope arid a scanning electron microscope property. The 

aircjuftkcfresicfcjalaustente 

ured after applying etectro^rticpdishing to the surtax 

BMW1 Awlerpii^ 

Fl^JRE 2 was pressed against a large roterma^ 

i ^ ^ e ^ ahM ^ undef *** conditk)ns * *«* is; a revolution speed of 1.050 rpm, a sfip rate of 40%, and a surface 

pressure app ropria tely varied w^ the range of from 250 to 375 K 

uated on the basis of the number of revolutions i«ffl one pil^ 

tests, when no pitting was found wrW 

that. 

[0058] The bending fatigue strength of each small rofler was evahiatedwfth a revolution speed of 3^ 
limitof the number of revolutions was 20 x 10 6 times. 
IWWIRaiRE 6 shows the pi^ 

the conditions shown in FIGURES. The tower 6mft of the variation of pitting We^ 
6 on the basis of the pitting He of Specimen Nos. 9 to 11 which certain substantially to 
Nog. 1. 4,5, * 7 and 8 which contain Al in arrwi*teof D3wt% wirwrethm 
increases. EspedalV Specimens Nr^ 

pressure strength that no pitting was created in most of the samples even under Hertz's contact pressure of 375 
VQlnwcr which ts the maximum surface pressure employed in this embodiment The significant effect of an addition of 
Al can be admitted ev^ 

its a shor ter prttng life than Specimens Noa 4 and 6 far the foBowtng reason. Whfle Specimens No* 4 and 6 have a 
nfoogencarbon^ 

pemw^ngdeptti which varies within the range of from 

The pi tting Re o f Specimen Na7can be improved by eactendkig the time 

whidtcoffla tesubstar ^ 

effect is notsfenficant compared to the effect of AladdSoa tt is understood to 

with permeating nitrogen under the carbursingfcarbonrrr^ conditions of the mention in which cementrte is not 



(0060! FIGURE 7 shows, for conyarisoa 

their res pective surfaces. Specimen to 6 is a representative steel cont^ is its com- 

parative material As seen from FIGURE 7, extremely fine martensHe is precipitated in the region near the outermost 
surface m Specimen Ma 6. and the average length of the rnartenste partis 
Specimen No. 6. which is observed asaacutarmartensrtebyanopti 
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odremeiyfinemartensi 

figuration of martenstta FIGURE 8 shows high-ma^fication photographs showing the mefallographic structures of 

Specimens Noa 6 and 11 at the regions extending from the respective out^^ 

thesufaces. »tfe seen from RQURE 8 that the martensitert 

having an avefage gram size of 03 Mm or ^ 

iMmorfe^bythefineAlnttrideand^ 

am^of<^a mteh avmgag^nsm 

Na 1 1, the martensitic structure of this material is substantially lenticular martensste having significant linearity. Obvi- 
ously, the (fisperswn of cer^ 

in Specimen Na 6 toat apart from fine granular ones, a conskterabteamotmtof Al nitrti 
des hairing a shape of ffcer (rod) is precipitated cm the surface arrt 
particles is 03 pm or less. One ofthe features of the invent 
has str en gthen i ng effects. 

[0061] FK^RE9fephotographscfthen^^ 
ingtte result <* a nBrogenar^ 

wt% and 0.7 wt%, respectively Although the surface nitrogen concentrations of the specimens largely vary accorcfing 

to Al concentrations, the amo^ 

from the stoiclikmetrfe com 

men Na 6 contains the desired amount of carbon. 

10062] It has been confirmed by the Xh^ analyst 

tayere of Specimens Nos, 6 and 11 substantially fen in the range erf from 40 to 60% by volume. Regarding the amount 

of reskfeal austenite n the region extend from the outermost surface to 

Al surpasses Specimen Na 11 by an amount of about 12% by voluma Asa whofc^ 

a structure quench ed i^ tte 

ritrogen. and it * confrmed that afl of the specimens prepared according to the embocfiment contain nitrogen in 
amounts of 30% by volume or mora 
PO^ To observe to 
bonftricfingproc^ont^ 
re^ extendiitg from the surtacetoad 
mm) of Specimen No6^ 
URE 10shc^ftepatirigresiitRMther r ^io^ 
heig^of 0^ thereby reducing the amount of reside 
fc also shown in FIGURE 10» 



[0064] It has been foun d thai a s tie, amount of removal of the carboratrided layer increased, pitting life markedly 
decreased and finaHy, the pitting strength of Specimen Na 6 became substantially equal to that of the comparative 

mai U±i was not predpftated. It has been also found that the reduction in the amount of residual austenite by shot 
peering decreases the pitting ife of, particularly a steel subjected to the maximum surface pressure (La. 375 kg/mm 2 ) 
of the present anbocftn ef^ 
removal of the carbori^^ 

face of steel and creating high compressive residual stress and is also expected to increase pitting strength wear 
resistance and bendfogfatig^^ 

of residual austenite at the surface does not decrease to about 20% by volume or less. 

nzationfcabu ginfaiQ process in which cementite was positively precipitated by permeating a high density of carbon 

underJhecond»^ 

steel materiateha^ 

underwent the cartwitrttng process shc^ 

FIGURE 6 is also shown as a reference for pitting fife evatoation in FIGURE 11. 
I 0066 ! E hasb^ found ttatgen^^ 
extent by precyftatfon of cemer^ 
achieved ty«M^ 

(rfSpeaii^ toe combined eftecte of the abew two 

precipitation carried out in toe invention have been confirmed 

[0067] Specimens Nos. 2, 6 and 11 have surface carbon c»nter^ 

cementite having an average grain s» 

tenterangfogfrom23to2.6wr%andastru^ 



11 



EP 0950 723 At 



dpitated. 

f 0068 ! Ceme ^ in Specin^ 
Specimen Na 3 has a grain size of £5 

decreases, which is consistent with the previous report Finer cement 
It writ be understood from the relatiorehp between carbon c^^ 
tiral effects of Al riiWe prec^on to 
[0069] RGURE 12 shows the rotan/berKfingt^^ 
treatmemshown in FIQUREa Simian p^ 

layer (0.2 mm) of Specimen Na S. there may be concern about stress concentratkm due to 

ing stress presirtatttestftacaHowe^ 12 that there is no need 

to worry about such stress concentration. This is becatro 

see of 0.3 urn or less. FIGURE 12 also shows the rotary benrfngfati^ 

appBedwim an arched of 0.9 and the substantia^ can be observed from rt As seen 

from this result Al nitn^prec^ 

g ^ed to th e sun^ The above effect can be ato 

of Specimens No* 8 and 11(beari^ 

P0701 FIGURE 13 shows a comparison of the ro^ 

which the thermal treatment of FIGURE 4 was applied As noted earfier, cementite having an average grain size of 
about 5jim is precipitated on the surface of Specimen No. 1 1 while the cementite precipitated in Specimen No. 6 has 
an average gram size crfrt)out2 pm . The rotary bew 

those of the steels in which no cementrte is precipitated. Substantially no decrease in strength is seen in Specimen No. 
6 in which the grain size of cernentrtefe^ 

apply a thermal treatment so as Id restrict the average grain size of cementite to 3 |im or less when preccitating 
cementite on the surface. FIGURE 13 also shows the fatigue strengths of Specimens 
tests, which were subjected to thermal treatmert and then to shot peeni^ 
corrtamingc»mentrtelar^ 

while Specimen Na S containing fine cementite precipitated tte^ 
from this resutt it s irnport^ 

but it is more important to eiminate cementite agglomeratio n . FIGURE 13 further shows the rotary bending fatigue 
strengths of Specimens Nos. 3 and 4 to which the thermal treatmert^ 
that even when the amourt of ce^ 
prevented from remanob^ decreasing by W 

respectively. Hence, surface pressure strength can be improved without causing a decrease in strength by fining 

cementite, on condition that the am^ 

whenaitowmg<*merTtfep 

fominga)aTse cementite partW 

lOOTII ttisconcervatotethattheg/a^ 

peratureofthecarbonrtridmgpra 

peratureisateodesirabtefrxpo^ FIGURE 4. Practically, it is 

ixefen^tocattyoutte 

PW72I >Vx»ning to the invention after a 

fritting andtor carbonitrkfing treatment martenstte created by quenching is extremely fined, whereby fatigue failure 

caused by contact stress can be decreased to a significant extent One of the features of the invention resides in that 

the above effect can be easily, economy ac«ev^ 

Al which (to not causeadecre^ 

c»mentrtepn9dprtetionisalo^ 

the parerrt phase w« not be »riiaired.h 

promotes the predprlation of Alnftrite 

parts subjected to raffing fatigue can be remarkably raised. 

I 0073 ! Hence, the preserf invent**^ 

hjgh-streiigmandOTnpactste^ ^ 
ing or roKng-sfippmg fatigue. 



1. A high surface pressure resistant steel part containing at least one of fine nitrides, carbides and carbonftrides. 
which is (fcpeised in a surface structure and has an average grain size of 3 urn or less and ha^ 
structorecon^osedof martenste 



12 



EP0950723A1 



stance. 

2. A high surface pressure resistant steel part according id claim 1, 

wherein the prevaffing grain size of said oSspersed substance consisting of a fine nitride and/or cartxxiitride is 0.3 
urn or less and the amount of said Dispersed substance consisting of at least one of fine nitrides and/or carboni- 
trides is 1% by volume or mora 

& A high surface pressure resistant steel part according to claim 1, 
wherein said martensrtec^ the parent phase 
rized structure. fcdMded iitopiecesbyac5$perced 
ismagrfycxinyMsedolfirie 

4. A high surface pressure resistant steel part according to claim 1. 
hxtr** containing 20 to 

5. A high surface pressure resistant steel part acconSng to claim 1, 

wherein said carbides is mainly composed of cementile having said average grain size and is dispersed in an 
amount up to 30% by volume, 

& A high surface pressure resistant steel part according to claim 1 , 

which is formed from a steel containing fX3 to 3u0 wt% Al» and containing 0.4 to 2.5 wt% nitrogen in ite surface. 

7. A high surface pressure resistant steel part according to claim 1 , 
wWch fe farmed frcro a steel cor^ 
bon in its surface. 

& A hig^i surface pressure resistant steel part according to claim 1 , 
having a oaib«a>rtem^ 

a A higji surface pressure resistant steel part according to any one of claims 1 to 8, for use as a power transmitting 
part which is respired to have contact fatigue sirenc^a^ wear re 
members such as gears and bearings the races of a rofingmeir^ 

10. A higji surface pressure resistant steel part according to any one of claims 6 to 8, containing impurities and alloy 
elements such as Si. Mn, Mo, hi, B, S and P in amounts within normal ranges. 

11. A higft surface pressure resistant steel part according to claim 10, for use as a power transmitting part which is 
reqwedtohawecor4artfatigu^ 

as gears and bearings, ttie races of a ntingttiento&.and camconponete 

12. Anfiethodofproctocingahig^ 
to9,themethrjdcorrf)risingtoe 

preqpitating a Aspersed substan^ 
oro or rnorotreatrnente selected from 
fanning a martenste phase nrt 
step, by rapidry cooing ftr^ 

13. Anriethodof rjroctocingahia^ 

to 9, wherein after allowing carbon to cfffuseVpemteate from a surface by car^ 

toa ternperature equal to or less than the eutectoid fransfonnation tenperature; then, at least a surface layer is 
reheated to a temperature within the austenrte temperature region of steel to disperse a granular carbide under a 
caibtrangandcaibow^^ 
caibon which have bew 

14. A method of producing a high surface pressure resistant steel part accorrJng to claim 12oM3, which uses a steel 
havirig the alky conposiiion 1.2 wt%. 
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15. A method of producing a high surface pressure resistant steel part accord ng to claim 12 or 13, wherein a rjhysicai 
treatment such as shots or rolling is applied to the surface of the surface pressure resistant steel part, thereby 
transtormng a resctoai austenrte phase to martensite to adjust the amount of residual austenita 

16. Arne^ofprodudnoahighrjurtacoprrjssureresr^ wherein the amount 
of carbon and/or nitrogen which penneates into a layer close to 

selected from cartwizatwn, caJbuizationAarbonitricfing and carbonftrkfing. and wherein residual austerrite con- 
tained rn said nUt |*ase£tructire is precipitated in an amount of 20 to 80% by volume by rapid cooling from the 



17. Ame^ofp«*^ahighsii^ 

the alloy compMlton descnbed in claim 6.7 or9arrfacart>onoDrttentof nomorethan1.2wt%. 

18. Amelhodorpiwfcjc^ 

ment such as shots or roBng rs appfied to the swface cl the surface pressine resists^ 
forming a residual austenrte phase to martensite to aojust the amourt of resktoalaustertta 



14 



EP0950723A1 



FIG. 1 

















AO I 





15 



EP0950 723A1 



CM 
CD 




3* 

CM 

g 



16 



EP0950723A1 



FIG. 3 
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FIG. 12 
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